N(epsilon)-(3-methylpyridinium)lysine, a major antigenic adduct generated in acrolein-modified protein.
Acrolein, a representative carcinogenic aldehyde, that could be ubiquitously generated in biological systems under oxidative stress shows facile reactivity with a nucleophile such as a protein. In this study, to gain a better understanding of the molecular basis of acrolein modification of protein, we characterized the acrolein modification of a model peptide (the oxidized B chain of insulin) by electrospray ionization-liquid chromatography/mass spectrometry method and established a novel acrolein-lysine condensation reaction. In addition, we found that this condensation adduct represented the major antigenic adduct generated in acrolein-modified protein. To identify the modification site and structures of adducts generated in the acrolein-modified insulin B chain, both the acrolein-pretreated and untreated peptides were digested with V8 protease and the resulting peptides were subjected to electrospray ionization-liquid chromatography/mass spectrometry. This technique identified nine peptides, which contained the acrolein adducts at Lys-29 and the N terminus, and revealed that the reaction of the insulin B chain with acrolein gave multiple adducts, including an unknown adduct containing two molecules of acrolein per lysine. To identify this adduct, we incubated N(alpha)-acetyllysine with acrolein and isolated a product having the same molecular mass as the unknown acrolein-lysine adduct. On the basis of the chemical and spectroscopic evidence, the adduct was determined to be a novel pyridinium-type lysine adduct, N(epsilon)-(3-methylpyridinium)lysine (MP-lysine). The formation of MP-lysine was confirmed by amino acid analysis of proteins treated with acrolein. More notably, this condensation adduct appeared to be an intrinsic epitope of a monoclonal antibody 5F6 that had been raised against acrolein-modified protein.